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In the world, breast cancer is one of the most common and most likely lethal 
malignant tumors in women. Paclitaxel（PTX）is a widely used broad-spectrum anti-
tumor drugs and is also one of the first choice for clinical treatment of breast cancer. 
However, due to the low water solubility of paclitaxel, and the way for the treatment of 
breast cancer is single, the clinical use of paclitaxel is limited. The development of new 
formulations of paclitaxel has continued to receive widespread attention at home and 
abroad over the years. It is an effective means to realize the key problems in breast 
cancer imaging and synchronous therapy by developing nano-materials with 
light/magnetic effect and new technical means to develop nano-paclitaxel with visual 
response and specific targeting for breast cancer. The aim of this study was to develop 
a multifunctional paclitaxel nanocomposite with good clinical adaptability, magnetic 
targeting and transferrin ligand targeting, as well as photodynamic therapy.  
In this paper, water-soluble Fe3O4 nanoparticles with superparamagnetism were 
prepared by hydrothermal coprecipitation method. Liposomal nano-drug containing 
paclitaxel and Fe3O4 magnetic nanoparticles were prepared by thin film dispersion 
method. Block copolymers could stabilize the structure of liposomal nano drugs and 
conjugate transferrin-tumor targeting ligand. By modifying the block copolymer on 
liposomal surface, the nano-drug has the effect of tumor ligand targeting and magnetic 
targeting therapy, while at the same time 5-aminolevulinic acid (5-aminolevulinic acid, 
5-ALA), a kind of photodynamic therapy drug, was included in the liposomal nano 
drugs to synchronize the active targeted photodynamic therapy of the tumor. 
The results showed that the average particle size of paclitaxel magnetic liposomes 
nano-drug was lower than 200nm with negative zeta potential, which is beneficial to 
the long circulation of the carrier drug in the body; The dispersibility of nano-drug in 
the aqueous solution was good, the high entrapment efficiency of paclitaxel in 
liposomes was 89.92% and the 11.27% entrapment efficiency of 5-ALA was also higher 
















nano-drug showed significant killing of breast cancer cells, and the 5-ALA 
photosensitizer contained in the nano-drug was used for photodynamic therapy with 
obvious effects; The coupling rate of transferrotein was 35.6%, which had significant 
differences in the killing of breast cancer cells, indicating that nano-drug have a certain 
degree of active targeting; In vivo test, the paclitaxel magnetic liposomes exhibited long 
cycle and magnetic targeting properties, while nano-drug containing superparamagnetic 
Fe3O4 can be used for in vivo MRI visualization tracer. 
The results of the above studies suggest that the magnetic targeting photodynamic 
multifunctional nano-delivery system in this paper can improve the clinical application 
value of paclitaxel，it has the potential to achieve the active chemotherapy of tumor 
and active targeted photodynamic therapy simultaneously, which can achieve a variety 
of treatment of tumor synchronization precision treatment. This context has a certain 
reference value for "multi-modal imaging" research. 
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紫杉醇 PTX Paclitaxel 
5-氨基乙酰丙酸 5-ALA 5-aminolevulinic acid 
高效液相色谱法 HPLC High performance liquid chromatography 
光动力治疗 PDT  Photodynamic therapy 
转铁蛋白 Tf Transferrin 
磷酸盐缓冲液 PBS Phosphate buffered saline 
人乳腺癌细胞 MCF-7 Michigan Cancer Foundation-7 
多分散系数 PDI Polydispersity Index 
包封率 EE Encapsulation efficiency 
透射电镜 TEM Transmission electron microscope 
二甲基亚砜 DMSO Dimethyl sulfoxide 
胎牛血清 FBS Fetal bovine serum 
X 射线衍射 
 



























球癌症死亡率将增加 45%，新增病例数将从 2007 年的 1130 万增加到 2030 年的
1550 万[1]。根据 2015 年世界卫生组织(WHO)发表的《全球癌症报告》，接近一半
的新增癌症病例在亚洲出现，其中中国占大部分，中国新增癌症病例已经高居世






图 1.1 中国女性癌症发病情况 
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